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	This WID includes a Core part
	X

	This WID includes a Performance part
	X



1	3GPP Work Area
	X
	Radio Access

	
	Core Network

	
	Services



2	Classification of WI and linked work items
2.0	Primary classification
This work item is a …
	
	Study Item (go to 2.1)

	X
	Feature (go to 2.2)

	
	Building Block (go to 2.3)

	
	Work Task (go to 2.4)



NOTE:	Core, Performance and Testing parts of RAN WIs are usually Building Blocks.
If you are in doubt, please contact MCC.
2.1	Study Item
	Related Work Item(s) (if any]

	Unique ID
	Title
	Nature of relationship

	
	
	



Go to §3.
2.2	Feature
	Related Study Item or Feature (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	



Go to §3.
2.3	Building Block
	Parent Feature (or Study Item)

	Unique ID
	Title
	TS

	
	
	



This work item is … 
	
	Stage 1 (go to 2.3.1)

	
	Stage 2 (go to 2.3.2)

	
	Stage 3 (go to 2.3.3)

	
	Test spec (go to 2.3.4)

	
	Other (go to 2.3.5)



2.3.1	Stage 1
	Source of external requirements (if any)

	Organization
	Document
	Remarks

	
	
	



Go to §3.
2.3.2	Stage 2
	Corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	



	Other source of stage 1 information

	TS or CR(s)
	Clause
	Remarks

	
	
	



If no identified source of stage 1 information, justify: 
Go to §3.
2.3.3	Stage 3
	Corresponding stage 2 work item (if any)

	Unique ID
	Title
	TS

	
	
	



	Else, corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	



	Other justification

	TS or CR(s) or external document
	Clause
	Remarks

	
	
	



If no identified source of stage 2 information, justify: 
Go to §3.
2.3.4	Test spec
	Related Work Item(s)

	Unique ID
	Title
	TS

	
	
	



Go to §3.
2.3.5	Other
	Related Work Item(s)

	Unique ID
	Title
	Nature of relationship
	TS / TR

	
	
	
	



Go to §3.
2.4	Work task
	Parent Building Block

	Unique ID
	Title
	TS

	
	
	



3	Justification
In GERAN#62, a study item on “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” was approved in GP-140421. The aim was to study both the possibility of evolving current GERAN system and the design of a new access system towards low complexity and low throughput radio access technology to address the requirements of cellular internet of things. The objectives of the study were: improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture.
Since GERAN#62, the work plan and the Cellular IoT requirements were agreed by GERAN WG1 and WG2. GERAN WG1 and WG2 studied features and techniques extensively to meet the objectives, and the various concepts were evaluated. 
As per the PCG#34 decisions, it was agreed to move the normative phase of a single “clean-slate solution” to TSG RAN based on techniques described in TR 45.820. 

This feature is called NarrowBandNarrowband Internet of Things (NB-IOT).





4	Objective
4.1	Objective of SI or Core part WI or Testing part WI

The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 

NB-IOT should support 3 different modes of operation: 
1.	‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In particular, the following will be supported:
· 180 kHz UE RF bandwidth for both downlink and uplink
· OFDMA on the downlink
· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)). 
· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission as a special case of SC-FDMA) : 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Technical analysis will either perform a down-selection or decide on inclusion of both 
· The two above will striveMulti-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single solution / down-selection,-tone and the decision will /or multi-tone, details to be performeddiscussed by RAN #70 on the basis of RAN1 evaluation. WGs
· RAN1 evaluation will be based on
· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)
· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation
· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network
· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria
· RAN1 will involve RAN2 as necessary
· An NB-IoT UE only needs to support half duplex operations
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
· Any enhancements to S1 interface to CN and related radio protocols to support the work SA2 is conducting on the systems aspects such as signalling reduction for small data transmissions.

The detailed objectives are:
· RAN1 to specify the physical layer aspects, covering:
· Physical channel and mapping of transport channels
· Channel coding and physical channel mapping
· Physical layer procedures
· Physical layer measurements
· UE physical layer capabilities
· RAN2 to specify the following radio protocol aspects:
· The radio interface protocol architecture
· MAC, RLC, PDCP, and RRC protocols
· UE capabilities
· RAN3 to specify changes to existing S1 interface 
· RAN4 to specify core requirements (when needed) to allow for  “standalone”  “in guard band operation” and “in-band operation” in specific bands (depending on operator input) as follows: 
· UE radio transmission and reception 
· Base Station radio transmission and reception 
· UE and Base Station Requirements for support of Radio Resource Management
· For the stand-alone operation, specify RF requirements to meet (a) GSM mask and (b) MSR spectral mask operating together with any of: LTE, UMTS, GSM in the same BS. 
· For the guard band operation, specify RF requirements for adjacent / non-adjacent co-existence with LTE in the guard band.
· For the in-band operation, specify RF requirements for adjacent channel coexistence with another LTE carrier and specify RF requirements for in-band co-existence and non-adjacent coexistence with LTE.
· RAN4 to specify the following performance requirements (by RAN#74):
· UE and Base Station demodulation requirements
· UE and Base Station RRM performance requirements

The overall system description will be documented in a stage 2 functional specification. 
The interface to the core network will be an optimised interface discussed in SA2 as part of FS_AE_CIOT.
Conformance testing will be described in a subsequent work item.



4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part
RAN4 to specify the following performance requirements (by RAN#73):
· UE and Base Station demodulation requirements

· UE and Base Station RRM performance requirements

4.3	RAN time budget proposal
NOTE:	For Wis/Sis under RAN WG5 leadership this section is not filled out. Otherwise:
For a not yet approved WI/SI the rapporteur has to fill out the last row of the table(s) below up to the target date of the WI/SI (if necessary add further tables): Indicate the number of time units (1 TU ~ 2h), i.e. one value for each session/field. If no time unit is needed, leave the field empty.
For WI/SI already approved in the past, the tables below will no longer be updated in the WI/SI description (i.e. the tables reflect the status of the initial approval). But changes can be proposed in the status report of the WI/SI.

	RAN #69	Q4/2015	RAN #70

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	82bis
	82bis
	91bis
	91bis
	91bis
	89bis
	76bis
	76bis
	76bis
	76bis
	83
	83
	92
	92
	92
	90
	77
	77
	77
	77

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	RAN #70	Q1/2016	RAN #71

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf

	84
	84
	93
	93
	89
	91
	78
	78
	78
	78

	
	
	
	
	
	
	
	
	
	



	RAN #71	Q2/2016	RAN #72

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	84bis
	84bis
	93bis
	93bis
	89bis
	91bis
	78bis
	78bis
	78bis
	78bis
	85
	85
	94
	94
	90
	92
	79
	79
	79
	79

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	RAN #72	Q3/2016	RAN #73

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf

	86
	86
	95
	95
	91
	93
	80
	80
	80
	80

	
	
	
	
	
	
	
	
	
	




	RAN #73	Q4/2016	RAN #74

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	86bis
	86bis
	95bis
	95bis
	91bis
	93bis
	80bis
	80bis
	80bis
	80bis
	87
	87
	96
	96
	92
	94
	81
	81
	81
	81

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	RAN #74	Q1/2017	RAN #75

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF
Core
	R4RD Core
	R4RF
Perf
	R4RD Perf

	88
	88
	97
	97
	89
	95
	82
	82
	82
	82

	
	
	
	
	
	
	
	
	
	




L: LTE, U: UMTS, J: Joint, RD: RRM/demodulation

NOTE:	In case further explanation of the time budget proposal is needed, then please explain this below.
Additional comments to the time budget proposal: No mention of TU as per PCG decision (PCG34_39r2)

5	Service Aspects

6	MMI-Aspects

7	Charging Aspects

8	Security Aspects

9	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others

	Yes
	
	X
	X
	X
	

	No
	X
	
	
	
	X

	Don’t know
	
	
	
	
	




10	Expected Output and Time scale
	New specifications [If Study Item, one TR is anticipated]

	Spec No.
	Title
	1st rsp. WG
	2nd rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary #
	Comments

	ab.xyz
	NB-IOT; Technical Report for BS and UE radio transmission and reception
	RAN4
	
	
	RAN#71 (Mar’16)’
	Approval date only applies to core



	Affected existing specifications  [None in the case of Study Items]

	Spec No.
	CR
	Subject of the CR
	Approved at plenary#
	Comments

	36.300
	
	Introduction of NB-IOT
	
	

	36.101
	
	Introduction of NB-IOT
	RAN#71 (Mar’’16)
	Approval date only applies to core

	36.104
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	Approval date only applies to core

	36.141
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	Approval date only applies to core

	36.133
	
	Introduction of NB-IOT
	RAN#731 (SepMar’16)’
	Approval date only applies to perfcore

	37.104
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	Approval date only applies to core

	37.141
	
	Introduction of NB-IOT
	RAN#73 (Sep’16)’
	Approval date only applies to perf.

	36.201
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.211
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.212
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.213
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.214
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.302
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.304
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.306
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.321
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.322
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.323
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.331
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	

	36.413
	
	Introduction of NB-IOT
	RAN#71 (Mar’16)’
	




The above list may be revised in case RAN identifies the need for new specifications.
The work in the WGs will assume to reuse the existing specifications listed above. During the final approval process at RAN, RAN can decide to approve the provided CRs and/or  to copy them into new specifications.

NOTE:	If this is a RAN WID including Core and Perf. Part, then all new Core part specs have to be listed first and then all new Perf. Part specs. Indicate “Core part” or “Perf. Part” under Comments for each spec.
By default a new specs can only be new for one of both parts.

NOTE:	If this is a RAN WID including Core and Perf. Part, then all new Core part specs have to be listed first and then all new Perf. Part specs. Indicate “Core part” or “Perf. Part” under Comments for each spec.
If an existing spec is affected by both (Core part and Perf. Part), then it has to be listed twice with appropriate approval dates.

11	Work item rapporteur(s)


Chris Pudney
Company: Vodafone 
Email:	chris.pudney@vodafone.com

Matthew Webb
Company: Huawei
Email: matthew.webb@huawei.com

Asbjorn Grovlen
Company: Ericsson
Email: asbjorn.grovlen@ericsson.com

Xiaofeng Wang
      Company: Qualcomm
Email: wangxiao@qti.qualcomm.com



12	Work item leadership

3GPP RAN WG1

NOTE:	If this is a RAN WID including Core and Perf. Part, then this WG specifies the WG leading the Core part.
RAN WG4 is by default leading the Perf. Part.


13	Supporting Individual Members
	Supporting IM name

	Alcatel-Lucent

	Alcatel-Lucent Shanghai Bell

	AT&T

	Blackberry

	CATT

	China Unicom

	China Mobile

	China Telecom

	CATR

	Deutsche Telekom

	Ericsson

	Huawei

	HiSilicon

	Intel

	Interdigital

	LG Electronics

	Mediatek

	Nokia Networks

	OPPO

	Panasonic

	Qualcomm Incorporated

	Samsung

	Sequans

	Sierra Wireless

	Sony

	SouthernLINC

	Sprint

	Telecom Ialia SPA

	Telefonica

	TeliaSonera

	Telus

	T-Mobile US

	Toshiba

	u-blox

	US Cellular

	Verizon

	Vodafone

	ZTE Corporation






form change history:
2013-12-06 v1.14.1 modified §11 to read: <FamilyName>, <GivenName>, (If the person is new to 3GPP work, give full contact coordinates, in particular, email address.)
2013-10-03 v1.14.0 removal of embedded help text
v1.13.2: adds tdoc header
v1.13.1: minor changes resulting from discussions at CT#41 & SA#41
v1.13.0: mods to enforce linkage amongst stages 1, 2, 3
draft mods Scarrone-Meredith 2008-07 ff
v1.12.1: removes revision marks following approval at SP-29
v1.12.0: includes provision for Study Items (SP-29)
v1.11.0: includes those changes from v1.8.0 agreed at SP-25.
	v1.10.0: full circle
v1.9.0: a clean sheet
v1.8.0: includes comments from SA#24 
v1.7.0: includes comments from RAN, CN and T #24; also includes “early implementation” data
v1.6.0: includes comments made during review period prior to TSGs#24
v1.5.0: includes comments made at TSGs#23 (Phoenix)
v1.4.0: offered to SA#23 for approval
v1.3.0: offered to CN#23, RAN#23 and T#23 for comments
DRAFT4 v1.3.0: 2004-03-09: Incorporation of comments from Leaders list
DRAFT3 v1.3.0: 2004-02-19: Incorporation of comments from MCC members
DRAFT2 v1.3.0: 2004-01-29: Complete redraft:
v1.2.0: 2002-07-04: "USIM" box changed to "UICC apps"
2003-05-28: spelling of “rapporteur” corrected
2002-07-04: "USIM" box changed to "UICC apps"

